Background: Self-harm is common in youth and an important risk factor for suicide. Certain self-harm methods might indicate a higher risk of suicide. The main aim of this study was to determine whether some methods of selfharm in adolescents (10-17 years) and young adults (18-24 years) are associated with a particularly high risk of suicide. A secondary aim was to ascertain how different self-harm methods might affect the probability of psychiatric follow-up. Method: Five Swedish registers were linked in a national population-based cohort study. All nonfatal selfharm events recorded in specialist health care, excluding psychiatry and primary care services, among 10-24 year olds between 2000 and 2009 were included. Methods were classified as poisoning, cutting/piercing, violent method (gassing, hanging, strangulation/suffocation, drowning, jumping and firearms), other and multiple methods. Hazard Ratios (HR) for suicide were calculated in Cox regression models for each method with poisoning as the reference. Odds Ratios (OR) for psychiatric inpatient care were determined in logistic regression models. Analyses were adjusted for important covariates and stratified by age group and treatment setting (inpatient/outpatient). Results: Among adolescents with initial medical hospitalisation, use of a violent method was associated with a near eightfold increase in HR for suicide compared to self-poisoning in the adjusted analysis [HR 7.8; 95% confidence interval (CI) 3.2-19.0]. Among hospitalised young adult women, adjusted HRs were elevated fourfold for both cutting [4.0 (1.9-8.8)] and violent methods [3.9 (1.5-10.6)]. Method of self-harm did not affect suicide risk in young adult men. Adolescents using violent methods had an increased probability of psychiatric inpatient care following initial treatment for selfharm. Conclusions: Violent self-harm requiring medical hospitalisation may signal particularly high risk of future suicide in adolescents (both sexes) and in young adult women. For the latter group this is the case for cutting requiring hospitalisation as well.
Introduction
Self-harm is an important risk factor for suicide in young people (Hawton, Saunders, & O'Connor, 2012) . Indicators of a higher risk of suicide in young people who self-harm include male gender, previous self-harm, high suicide intent, mental disorders in general and psychotic disorders in particular, as well as family history of suicide (Beckman et al., 2016; Hawton & Harriss, 2007; Hawton, Bergen et al., 2012) . Many young self-harm patients are initially treated in nonpsychiatric services (emergency rooms, medical, surgical and orthopaedic wards). Not all receive a psychosocial assessment after an event of self-harm . Indicators that are easily assessed also by nonpsychiatric staff are important to identify; the type of self-harm method might constitute one such factor.
Methods of nonfatal self-harm vary with age and gender. In youths, men more often use violent, or highly lethal methods, that is, hanging, vehicle exhaust gas, jumping and firearms, than women (Beautrais, 2003) . Prevalence figures for different method types vary by study setting. This is the case for medical severity of the method employed as well. While cutting is the most common method in population-based studies focusing on young people (Madge et al., 2008) , poisoning is the most prevalent method observed in young people at emergency departments (Hawton & Harriss, 2007) . Poisoning is also the most common method recorded in inpatient registers in age-mixed populations (Haukka, Suominen, Partonen, & Lonnqvist, 2008; Runeson, Tidemalm, Dahlin, Lichtenstein, & Langstrom, 2010) .
Several recent studies of mixed-age cohorts report risk of future suicide in relation to different types of self-harm methods. The use of a violent method indicates an elevated risk of suicide compared to poisoning Miller et al., 2013; Runeson et al., 2010) . Results vary regarding cutting, with one study demonstrating similar risks for cutting and poisoning (Runeson et al., 2010) , and others reporting elevated risk for cutting Runeson, Haglund, Lichtenstein, & Tidemalm, 2016) . While lower suicide intent was reported in adolescents who presented at hospital with cutting compared to those who self-poisoned (Rodham, Hawton, & Evans, 2004) , those who had cut themselves were twice as likely to subsequently die by suicide compared to those who self-poisoned . Most studies evaluating suicide risk after self-harm have focused only on the first selfharm event registered by the healthcare system (Chen et al., 2011; Runeson et al., 2010 Runeson et al., , 2016 Skogman, Alsen, & Ojehagen, 2004) . A few consider the method employed at the event most proximal to suicide death Hawton, Bergen et al., 2012) . Since patients often switch methods when repeating self-harm Owens et al., 2015) , studies that aim to evaluate risk of future suicide associated with a particular method need to consider not just the first nonfatal event. All self-harm episodes should be accounted for.
As base rates of suicide are relatively low in adolescents and young adults, prospective studies focusing on methods of self-harm employed in these age groups require large cohorts. Suicide risk estimates should be age-stratified as suicide risk after self-harm is greater in young adults compared to adolescents (Tidemalm et al., 2014) . Moreover, gender differences in self-harm methods should be considered since women less often use violent methods (Beautrais, 2003; Hawton, Saunders et al., 2012) . Violent methods might, therefore, perhaps indicate a higher suicidal intent in women compared to men. Furthermore, analytical models need to take into consideration known risk factors for a suicide following self-harm including repetition of selfharm; the presence of a mental disorder and a family history of suicide (Beckman et al., 2016; Hawton & Harriss, 2007; Hawton, Bergen et al., 2012) . Low socioeconomic status might have an impact on suicidal behaviour in young people and should also be considered when analysing suicide risk (Burrows & Laflamme, 2010) .
The method used may affect clinicians' assessment of self-harm severity and their subsequent management decisions. Among patients treated at emergency units after self-harm, those who use cutting are less likely to be admitted to general hospitals (Lilley et al., 2008) and to receive a psychosocial assessment after self-harm . Clinicians who often assess young patients after self-cutting, when suicidal intent is low, may perceive cutting as less indicative of suicide risk. However, it is important to note that adolescent self-harm without suicidal intent has been found to be a strong predictor of subsequent suicide attempts (defined as self-harm with suicidal intent) (Asarnow et al., 2011; Wilkinson, Kelvin, Roberts, Dubicka, & Goodyer, 2011) . The probability of psychiatric care following self-harm also depends on the co-occurrence of mental disorder, and there are indications that the prevalence of certain methods may vary among different mental disorders (Chen, Lee, Chang, & Liao, 2009; Huisman, van Houwelingen, & Kerkhof, 2010) .
The main objective of this study was to evaluate the risk of future suicide associated with different methods of self-harm in adolescents (aged 10-17) and in young adults (aged 18-24). Our first hypothesis was that risk of future suicide would be especially elevated in young people who used violent methods. We hypothesised that the same would be true for cutting. A secondary aim was to determine whether method of self-harm impacted on the probability of being admitted to psychiatric inpatient care following initial treatment for self-harm. We hypothesised that young people who self-harm by cutting less often are admitted to psychiatric inpatient care than those who self-poison.
Methods
A nationwide population-based cohort study was conducted using Swedish registers. Five longitudinal population registers were linked through the personal identification number assigned at birth or immigration (Ludvigsson et al., 2011) . The National Patient Register (NPR), held by the National Board of Health and Welfare, has national coverage of all psychiatric admissions in Sweden from 1973 and all admissions at all public and private hospitals since 1987 (Ludvigsson et al., 2011) . The register also includes outpatient care visits since 2001, including accident and emergency room visits, day surgery, as well as psychiatric and medical outpatient care provided by both public and private caregivers. General practitioner consultations are not covered in the NPR.
The Cause of Death Register (CDR), held by the National Board of Health and Welfare, includes all deaths among persons registered as residents of Sweden at the time of death, and covers more than 99% of all deaths from 1961 and onwards (National Board of Health and Welfare, 2010) . Each record contains the date of death and diagnostic codes for causes of death. We collected information about sex, birth date and migration of the persons with a recorded event of self-harm (The Total Population Register, Statistics Sweden; Ludvigsson et al., 2016) . Data on suicide in parents and siblings of the young persons with self-harm events were gathered from the CDR via linkage to the Multi-Generation Register (MGR, Statistics Sweden; Ekbom, 2011) . In order to determine parental education, data from the MGR were linked with data from the Education Register (starting 1985) and/or Censuses from 1970 and 1990 (Statistics Sweden) . All data were deidentified before it was made available to authors.
Study population
We included all nonfatal events with a diagnosis of self-harm according to the International Classification of Diseases (ICD) 10 (X60-84) that occurred during the years 2000-2009 in patients aged 10 through 24 years. Cases were identified through the NPR; including both inpatients and outpatients. We excluded self-harm events recorded solely within psychiatric services in order to evaluate the probability of psychiatric follow-up after initial care for self-harm. For this paper, the term "specialist health care," is used to denote all types of specialised nonpsychiatric care settings included in the NPR, that is, emergency services, medical and surgery departments, but not general practitioners. Furthermore, we excluded selfharm events that coincided with a record of death by suicide, assuming that the fatal outcome was a direct consequence of the self-harm act. Such events were classified as suicides.
(X78), violent method (gassing X67, hanging, strangulation and suffocation X70, drowning X71, firearm or explosives, X72-75, jumping from a height X80 (Tidemalm et al., 2014) ). Remaining methods (X76-77, X79, X81-84) were categorised as others. When more than one method was recorded on the same date (any combination), the method was categorised as multiple. When identical events were recorded by different departments on the same date, only one entry was selected.
Outcome variables
Death by suicide (ICD-10 codes X60-84 and Y10-34) was recorded until December 31, 2009 (CDR). To avoid underestimation of suicide risk (Neeleman & Wessely, 1997) , we also included deaths of undetermined intent. For this paper, psychiatric hospitalisation was defined as a psychiatric inpatient admission with a psychiatric diagnosis directly following nonpsychiatric inpatient and outpatient care as registered in the NPR.
Covariates
Mental disorder before or at the self-harm event (yes/no) was defined as a mental disorder registered as ICD-8 and ICD-9 codes 290-319 or ICD-10 codes F00-99 (primary diagnosis or other) in any care setting as registered in the NPR before the self-harm event. Previous self-harm (yes/no) was defined as any diagnosis of self-harm (X60-84, NPR) before the self-harm event. Family history of suicide (yes/no) was defined as death by suicide (ICD-10 codes X60-84 and Y10-34) in parents or siblings recorded from start of the CDR up to the date of the self-harm. Parental education was used as a proxy measure of socioeconomic status, divided into low (highest achieved educational level of <9 years in both parents or in one parent if only one parent was registered) and medium/high. Missing values in both parents was used as a separate category.
Statistical analyses
Pearson's v 2 test was used to test for differences in proportions of (a) suicide, and (b) psychiatric inpatient care in different subgroups. We used Cox regression models to calculate Hazard Ratios (HR) and 95% Confidence Intervals (CI) to estimate risk of suicide associated with methods employed at each nonfatal self-harm event. Poisoning was used as the reference category. We adjusted for sex, mental disorder before or at the self-harm event, previous self-harm, low parental education and family history of suicide. Data were found to comply with the proportional hazards assumption. Time at risk was defined as the period from the initiation of specialist health care with a diagnosis of self-harm up to the date of suicide, or censored at another event of self-harm, death by other cause, emigration or end of follow-up. Each singular self-harm event that occurred during the study period was included in the calculations. We used the Robust Sandwich Estimator in SAS to account for the reappearance of individuals with multiple events. We performed a sensitivity analysis in which multiple methods involving violent methods were categorised as "violent methods" and the category "multiple methods" was restricted to combinations of nonviolent methods only.
In order to assess Odds ratios (OR) and 95% Confidence intervals (95%CI) for psychiatric inpatient care after self-harm, multiple logistic regression models were used, adjusted for mental disorder before or at self-harm, previous self-harm, low parental education and family history of suicide.
Analyses were stratified by age group (10-17 and 18-24) due to age differences in suicide rates (Tidemalm et al., 2014) . They were also stratified by setting inpatient (SH_I)/outpatient (SH_O) specialist healthcare, due to anticipated differences in severity of self-harm. We tested an interaction with sex by introducing an interaction term in the Cox regression analyses of suicide risk. 
Results
We identified 24,072 individuals aged 10-24 years with 38,673 acts of nonfatal self-harm treated in specialist health care, excluding psychiatry and primary care services between 2000 and 2009 according to the NPR. Two thirds were women (n = 16,769 (69.7%)). Table 1 shows descriptive data by in/outpatient status and age group. Most persons (77.4%) had a single self-harm episode; for those with repeat nonfatal self-harm during the observation period the number of episodes ranged from 2 to 115. Mean age at self-harm was 19.3 (standard deviation (SD) AE 3.1) among women and 20.0 (SD AE 3.1) among men. Mean follow-up time was 2.8 (SD AE 2.8) years and maximum follow-up time was 10 years.
Cutting and poisoning were the most prevalent methods used in events registered in outpatient care (SH_O). Poisoning was the most common self-harm method in inpatient care (SH_I). Violent methods were more common among men (5.7%) than among women (2.6% (p < .001)) when analysing events in both out-and inpatient care.
There were 306 deaths by suicide during followup; 148 were men (1.5% of the male self-harm events) and 158 were women (0.5% of the female self-harm events, p < .001). There were 41 suicides (0.3%) following events among 10-17 year olds and 265 (1.0%) among 18-24 year olds (p < .001).
For SH_I among 10-17 year olds, the risk of suicide was higher among those who used a violent method compared to those who used poisoning (crude HR 11.1; 95% CI 4.7-26.3). After adjustment for previous self-harm, previous or present mental disorder, sex, low parental education and family history of suicide, the HR was 7.8 (95% CI 3.2-19.0, Table 2 ). Among SH_O, there were four suicides in this age group and no significant differences in suicide risk were seen between methods (Table 2) .
Among 18-24 year olds with SH_I, both violent method (adjusted HR 2.3 (1.1-4.4)) and cutting (1.9 (1.0-3.6)) were associated with a twofold risk increase in suicide compared to poisoning (Table 2 ). An interaction between sex and the use of cutting as a method was significant in this age group. Therefore, we performed additional analyses for men and women separately. Among women, both violent method (HR 4.0; 1.5-10.7) and cutting (HR 4.0; 1.9-8.8) were associated with higher risk of suicide compared to poisoning. No significant associations were seen in men. A violent method implied an HR of 1.6 (0.6-3.9) and cutting implied an HR of 0.8 (0.3-2.6), compared to poisoning. Among SH_O, none of the studied methods implied elevated risk compared to poisoning. We performed sensitivity analyses after the exclusion of suicides of undetermined intent, and similar risk estimates were observed (results not shown).
Furthermore, the sensitivity analyses in which multiple violent methods were deleted from the multiple group and moved to the violent group, revealed almost identical estimates as those in Table 2 .
Admission to psychiatric inpatient care after initial specialist health care for self-harm was more prevalent among 18-24 year olds than in the younger age group (18.0% vs. 8.6%, p < .001). Table 3 shows proportions admitted to psychiatric inpatient care by self-harm method for each age group. Among 10-17 year olds, the use of a violent method implied an odds ratio (OR) of 1.5 (CI 1.0-2.1) for psychiatric inpatient care after SH_I. After SH_O, violent methods were associated with a more than twofold increase in the probability of psychiatric inpatient care [OR 2.5 (1.5-4.4)]. No other method affected the probability of admission to psychiatric inpatient care after self-harm among adolescents. In young adults, the method used at self-harm had no effect on the probability of being admitted to psychiatric inpatient care following specialist health care for self-harm.
Discussion
Among self-harm events recorded in inpatient specialist healthcare, adolescents' self-harm with a violent method was associated with elevated risk of subsequent suicide in both sexes, compared to selfpoisoning. The same relationship was observed in young adult women but not in men. Elevated risk in comparison to self-poisoning was also noted in young adult women who were hospitalised after selfharm with cutting.
Our findings on cutting and future suicide risk capture the heterogeneity among patients who cut themselves. Cutting implied an elevated risk among self-harm events recorded in inpatient care among young adult women, but not among self-harm events recorded in outpatient care compared to poisoning.
Cutting includes a range of injuries and could represent high as well as low suicidal intent and medical severity. Current studies on age-mixed populations suggest that self-cutting to arms and wrist implies a lower risk of later suicide than cutting in other areas of the body (Carroll et al., 2016) . Also, patients with deep cutting wounds more often had prior psychiatric diagnoses (Fujioka, Murakami, Masuda, & Doi, 2012) . Furthermore, patients who require more extensive treatment after cutting are more likely to present with high lethality at repetition (Larkin, Corcoran, Perry, & Arensman, 2014) . The findings in the present cohort highlight the diversity of cutting as a method, and how it relates to the risk of subsequent suicide.
As in previous studies (Beautrais, 2002; Brent, Baugher, Bridge, Chen, & Chiappetta, 1999) young men used more violent methods than young women. For young adults who self-harm, violent method requiring inpatient care was associated with greater suicide risk compared to poisoning in women only. Previous studies on mixed-age populations have reported this association for both sexes Miller et al., 2013; Runeson et al., 2010) . Seemingly, while young women less frequently use violent methods than men, it might signal a particularly elevated risk when they do.
Violent methods requiring inpatient care among adolescents were associated with an elevated risk of suicide. The proportion of suicide deaths during the observation period was lower among adolescents than young adults, paralleling previous findings (Tidemalm et al., 2014) . Due to the limited number of suicides in the adolescent subsample, results for adolescents had low precision as demonstrated by wide confidence intervals. These results must be viewed with caution and evaluated in other samples.
Our main findings were significant for the inpatient setting only. It is reasonable to assume that self-harm events, for which inpatient care was Incidence rate per 100,000 person years, that is, the number of suicide events divided by the number of person years in each category of age group, form of care and method of self-harm and multiplied by 100,000. Adjustment for previous self-harm, the presence of a mental disorder at or before self-harm, sex, family history of suicide and low parental education level.
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doi:10.1111/jcpp.12883 Self-harm method and risk of suicide in youth indicated, were of a higher medical severity than events treated in outpatient care. High medical severity at self-harm is known to indicate an elevated risk of subsequent suicide (Beautrais, 2004) . Among self-harm events recorded in inpatient care in our study, poisoning was the most common method used, which is in line with previous studies (Haukka et al., 2008; Runeson et al., 2010) . Self-poisoning may require longer medical observation; it is thus possible that these patients are admitted for inpatient care more often than their peers who self-harm using other methods, even in the absence of a higher degree of suicidal intent. We studied suicide risk according to self-harm method among patients who had been admitted to medical care after self-harm. The incidence rates noted for suicide were, regardless of method, higher by far than the standardised death rates for suicide in Sweden during the observation period. In ages 15-24 years, these varied between 11 and 15.5 per 100,000 person years (National Board of Health and Welfare, * 2017).
The probability of being admitted to psychiatric inpatient care immediately following initial medical treatment for self-harm was higher among adolescents who used a violent method than among those who used poisoning. Contrary to our hypothesis, cutting was not associated with a lower probability of psychiatric inpatient treatment. This outcome is largely affected by the presence of any underlying mental disorder and its severity, which, in turn, may correlate with the self-harm method used. Findings from mixed-age cohorts suggests that jumping from heights seems to be more prevalent in patients with psychotic disorders and overdoses are more often used in suicides by patients with substance use disorders (Chen et al., 2009; Huisman et al., 2010; Hunt et al., 2006) . In the present study, we could adjust for neither severity nor the specific nature of the disorder. We found that selfharm method had little influence on psychiatric admission. However, it was not possible to discern whether this reflects an even distribution of severity of mental disorders that require inpatient care, or how the method used affects clinicians' interpretation of patients' need for inpatient follow-up.
Study results point to the value of close monitoring of all youths presenting with self-harm events due to elevated risk. In conjunction with other results on outcomes following self-harm the results underscore the need for effective treatment of youths who selfharm. While the research is still developing, the literature suggests that there are a number of treatments that may reduce risk of self-harm behaviour, with the strongest results for dialectical behaviour therapy, mentalisation-based therapy and cognitive-behavioural therapy (CBT), particularly CBT with strong family components (Asarnow, Hughes, Babeva, & Sugar, 2017; Ougrin, Tranah, Stahl, Moran, & Asarnow, 2015) .
Strengths and limitations
This study was based on a large national cohort of young people with self-harm events registered in specialist healthcare in Sweden. It is a recent cohort, which is valuable, since prevalence and patterns of self-harm change over time. Issues related to selection bias and recall bias are minimal thanks to the use of prospectively collected register data. Calculation of time at risk after each event of self-harm (as opposed to first or last only) renders our risk estimates more generalisable and thus more clinically valid.
Some limitations should be noted. Since we aimed to study whether there were differences in psychiatric follow-up related to the method used at selfharm, events registered solely within psychiatric services were not included. Furthermore, self-harm events presenting at general practitioners and school health services could not be captured with our study design. Importantly, most self-harm events among young people never come to the attention of the healthcare system. Hence, we can draw conclusions regarding a selected group only.
Register-based studies lack in-depth information on relevant clinical factors including symptomatology, motives for self-harm and the degree of suicidal intention. Such factors may correlate with both the use of a specific self-harm method as well as the risk of future suicide.
Conclusions
The findings of this study can aid clinicians in nonpsychiatric care facilities that treat self-harm patients. All youths presenting with self-harm should be closely monitored due to elevated suicide risk. Study results suggest that among events requiring inpatient care, the use of violent methods in adolescents, and violent methods or cutting among young adult women can signal a particularly high risk.
